A novel copolymer as a macromonomer with a polyethylene glycol (PEG) unit as the phase change element and a vinyl group was synthesized for the preparation of polymeric solid-solid phase change materials. The IR, 1 HNMR, DSC and WAXD and POM were employed to determine the structure and properties of the novel monomer. The results show that the novel monomer possess steady molecular structure, excellent crystal properties, higher phase change enthalpy and reactivity. Furthermore, the novel polymeric solid-solid phase change material was also prepared via the copolymerization of the novel copolymer macromonomer and styrene. The phase change properties of the polymeric solid-solid phase change material were characterized.
Introduction
In last decades, phase change materials (PCMs) are of great important functional materials for they can store thermal energy and adjust temperature through storing and releasing energy during phase change process [1] . The application of PCMs is much extensive. Especially today, as energy crisis is becoming more and more serious, PCMs is playing a prominent role. Now, the researches of novel PCMs have attracted much more attention [2] [3] [4] [5] .
At present, the polymeric solid-solid PCMs have become the research focus due to their excellent performance, for example, ease of being processed into expected shape, high storing capacity per unit volume, being applied conveniently, even being used as a series of materials directly [6] [7] . Among the polymeric solid-solid PCMs discovered, PEG polymeric solid-solid phase change materials occupy an important place because PEG and their compounds possess high phase change enthalpy and adapt phase change temperature and scope of wide molecular weight choice [8] [9] .
In recent years some PEG solid-solid phase change materials have been prepared via graft or block polymerization ways [10] [11] [12] . The analysis results of these PEG solid-solid phase change materials show that the PEG solid-solid phase change materials cannot show excellent phase change properties until the molecular weight of PEG is higher than 4000 [13] [14] [15] . However, the number of hydrogen for PEG per unit volume will become increasingly few as the molecular weight of PEG. This makes graft or block polymerization reaction difficult. The direct results are that graft rate of PEG or the percent of PEG phase change unit and the transition enthalpy of phase change materials are decreased. So it is difficult to prepare prominent PEG solid-solid phase change materials using the hydrogen of PEG directly.
In order to synthesize outstanding PEG solid-solid phase change materials, the endgroups modification of PEG, through high reactivity compound, has become an important way [16] [17] . In our researches, through a system of reactions of polyethylene glycol monomethyl ether (MPEG), 2, 4-toluene diisocyanate (TDI) and N-hydroxymethylacrylamide (NMA), a novel copolymer macromonomer (PD) with polyethylene glycol phase change unit and vinyl was synthesized (shown Scheme 1). In the molecular structure of PD, Section 1 is PEG phase change unit, which endowed with PD possess excellent phase change properties; Section 2 is vinyl, which make the copolymerization of PD and other monomer easy. Through the PD, some novel PEG solid-solid phase change materials with idea phase change enthalpy have been synthesized successfully. These research results provide an effective way to prepare excellent PEG solid-solid phase change materials. Scheme 1. The molecular structure of PD.
Results and discussion

Characterization of the composition and structure of PD
FT-IR spectra of the pure MPEG5000, NMA and PD are presented in Fig.1 . In the FT-IR spectrum of MPEG5000, the C-H stretching vibration peak is at 2890 cm . Whereas in the FT-IR spectrum of PD, the O-H stretching vibration peaks of MPEG5000 and NMA disappear. At the same time, the carbonyl group stretching vibration peak of the new ester group appears at 1710cm −1 . The peaks at 3060, 1590, 1530 and 1450cm −1 belong to the characteristic peaks of benzene ring [18] . The peak of 1660cm −1 is attributed to C=C stretching vibration. Moreover, there is a relatively strong absorption peak appearing at 3293cm −1 . It is attributed to N-H stretching vibration peak. The FT-IR analysis results of the pure MPEG5000, NMA and PD indicate that the novel copolymer macromonomer with polyethylene glycol phase change unit and vinyl for the polymeric solid-solid phase change materials was synthesized. 
Thermal properties investigations of the PD
The results obtained from DSC analyses of the pure MPEG5000 and PD is summarized in Tab.1. The DSC heating and the cooling curves for both pure MPEG5000 and PD are shown in Fig. 3 and Fig. 4.   Fig. 3 . DSC heating curves for pure MPEG5000 (a) and PD (b).
All the parameters, as well as the heating curves, were obtained from the second scan to eliminate the effect of thermal history. The DSC heating curve of pure MPEG displays a strong absorbing heat peak at 65. 6 J/g. In the PD, the phase change enthalpy decreased mainly because that the percent of phase change unit is reduced and the regular property of the molecular structure is destroyed due to the TDI and NMA added. However, the PD possesses still better phase change properties.
Fig. 4. DSC cooling curves for pure MPEG5000 (a) and PD (b).
Tab. 1. DSC data of MPEG5000 and PD.
T is temperature, ΔH-phase transition enthalpy, m-melting, c-crystallization, p-peak.
Crystalline morphology investigations of PD
To reveal the morphology of pure MPEG5000 and PD, the WAXD patterns of pure MPEG5000 and PD are shown in Fig. 5 . It is obviously seen that pure MPEG5000 and PD show similar diffraction curves on which diffraction angle and crystal plane distance are nearly the same. It implies that they have the same crystal structure and unit cell type. In other words, crystal structure of MPEG has not changed by the procedure of synthesis. The narrow crystalline bands of PD indicate that the PD possess of excellent crystalline properties [19] .
The same result can be observed from POM photos of PD at different temperatures. Fig. 6 presents the POM photos of PD at different temperature. In Fig. 6 , it can be seen that the resultant micrographs show obvious cross extinction patterns. This indicates that PD is crystalline and their crystal structures are spherulite [20] . In other 
The application investigation of PD
As the values of Q and e are constant for tyrene in the Q-e equation (Q=1.0, e=-0.8), and polystyrene possesses excellent mechanical properties. So, in order to investigate the application properties of PD, a novel polymeric solid-solid phase change material (MGPM) was prepared via the copolymerization of the PD and styrene. 
Tab. 2. DSC data of MGPM.
Conclusions
Through the end-groups modification of MPEG, a novel copolymer macromonomer (PD) with polyethylene glycol (PEG) phase change unit and vinyl for the polymeric solid-solid phase change material was synthesized. The composition, structure, and properties of the PD have been investigated. IR and 1 HNMR spectra indicated that the composition and structure of PD prepared was consistent with Scheme 1. The analysis results of DSC, WAXD and POM indicate that PD has excellent phase change properties and crystalline properties.
The novel polymeric phase change material was prepared successfully via the copolymerization of PD and styrene. The result presents that PD possess better reaction activity. The DSC analysis results of MGPM show that the phase change enthalpy values of the phase change unit did not obviously decrease after the PD was used to synthesize MGPM. The phase change type of MGPM is solid-solid phase change. 
Experimental part
Materials
Synthesis of the PD
The synthetic route of the PD is shown in Scheme 2. MPEG (1 mmol), TDI (1 mmol), acetone (20 ml) and dibutyltion dilaurate were mixed and stirred at 40 0 C for 6 h (the reaction equipment was protected with N 2 ). Then the NMA (1mmol) was added, and the mixture was stirred at 60 0 C for 6 h. The raw product was obtained. The raw product was kept in vacuum oven at 40 0 C for 24 h to get the product, yield 92%.
Scheme 2.
The synthetic route of PD.
Synthesis of the novel polymeric solid-solid phase change material
The synthetic route of the novel polymeric solid-solid phase change material (NPSSPCM) is shown in Scheme 3. 5 mmol PD and 40 ml THF were mixed and stirred at 50 0 C until the PD was all dissolved.
Scheme 3. The synthetic route of the novel polymeric solid-solid phase change material.
